To quantify the role of land cover during a period of climate change, the runoff response is studied for Plynlimon in Wales, UK. The main objective was two-fold: (i) to create a protocol for modeling water balance on a daily basis; and (ii) to describe the extent to which the impact of land-use changes can be identified and supported by the long-term monitoring data of runoff from two neighboring watersheds with different land covers. The process-oriented CoupModel platform was used to set up the model with a well-defined uncertainty for selected parameters. The behavioral ensembles were applied to simulated daily discharge data for the period of 1992-2010 using subjective criteria to reduce the prior 35,000 candidates with a random uniform distribution of 40 parameters. The accepted ensemble was reduced to 100 candidates by accepting the best root-mean-square error (RMSE) on the accumulated residuals during the simulation period. Similar good performance for the entire period and both watersheds was obtained. The differences in interception evaporation accounted for the most important differences between forest and grassland. The obtained residual demonstrated that changes in the forest cover had an impact on the water balance during the first part of the simulation period.
INTRODUCTION
The main concept of water balance changes refers to the balance between input and output of water, where precipitation can be defined as input and evapotranspiration and ground water recharge and stream flow as output. For instance, forests contribute more heat and moisture to the atmosphere compared to open areas with low vegetation, such as grassland meadows (Bringfelt et al. ) . This is thought to be a consequence of the higher input of net radiation to the forest. In contrast with forests, grasslands display a higher rate of evapotranspiration during dry summer conditions because of higher transpiration. However, evidence also shows that higher rates of interception evaporation may contribute to a higher total evapotranspiration from forests on a yearly average (Robinson & Dupeyrat ) .
Trees have the ability to use more water than most other types of vegetation: forested catchments have been found to use larger amounts of water than grasslands (Bosch & Hew- Various approaches have been adopted to understand the performance of hydrological models. Still, today, there are many uncertainties in the simulation of runoff, which remains a controversial issue in hydrology (Bloschl & Sivapalan ) . Nonlinear regression (Vrugt et al. ) , the fuzzy method, the Bayesian method (Van Oijen et al.
)
, and generalized likelihood uncertainty estimation (GLUE) (Beven & Binley ) are a few examples of mentioned methodologies. This study adopts the GLUE framework to estimate the uncertainties in parameters, model assumptions, and measurements. The core of the GLUE method for describing parameter uncertainties is equifinality, which is a set of parameter values that have been shown to produce robust simulations and consider uncertainty (Duan et al. ) .
The main objective of this study is to identify the impact of land-use changes on hydrological processes in two parallel catchments with different river discharge with the aid of a CoupModel platform (CoupModel ) and observation data from the two watersheds. The adopted model is a [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] , which is used as time series in the model) is about 2,600 mm. There is a distinct winter maximum, but every month has an average rainfall greater than 135 mm.
Seasonality analysis in Figure 2 shows monthly averages in precipitation, temperature, and runoff from 1992 to 2010.
The months October-January have the highest daily precipitation average (more than 8 mm/day), whereas the MaySeptember period has the highest temperature average.
Regarding runoff time series (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) model simulation as observed data. The report by Grant & Robinson () confirmed that stream flow and weather data were of good quality and mostly without breaks.
Long-term trends of climate and weather variables show much year-to-year variability but there is no evidence of a long-term trend with the possible exception of air temperature.
PROCESS DESCRIPTION
Water balance can be divided into two main parts: root zone water balance (Table A1 , Equation (A1), available with the online version of this paper) and surface water balance (Table A1 , Equation (A2)). Model calibration is a critical phase in the modeling process, and the need for a well-established calibration strategy is obvious. Amount and quality of the available data, applied techniques, and the availability of time and computer power are the main items to achieving successful calibration. In Table 1 , a list of parameters for the GLUE calibration is indicated. Different ranges of parameters are considered based on the information obtained from species and land covers.
Parameters governing the canopy surface resistance, actual root water uptake, within-canopy aerodynamic resistances for interception evaporation, snow evaporation, and bare soil evaporation, were all chosen according to their expected impact and ability to represent the differences in response of the vegetation cover and major soil properties. Seasonal development of leaf area index and canopy height, potential transpiration, interception, and water uptake were used but no long-term trends were assumed in the characteristic of vegetation.
Soil evaporation and snow process
Soil evaporation is often lumped together with plant transpiration as total evapotranspiration, which forms the second or third largest term in the water balance equation when applied to the climate zone of the study case (Trautz et al. ) . However, here we represented soil evaporation, interception evaporation, and transpiration as separate com-
ponents. An iterative physical based energy balance approach was applied for both soil evaporation and snow evaporation (Table A1 , Equation (A3)).
Transpiration
The potential transpiration, Etp, is calculated from the Penman combination equation in the form given by first step is to account for the possible compensatory uptake of water by roots in layers with no water stress, if there are roots in other layers that are exposed to water stress (Table A1 , Equation (A5)). The second step is to calculate the water uptake without any account of compensatory uptake (Eta*), which is expressed as the reduction in potential transpiration (Etp*) by reducing interception evaporation (Table A1 , Equation (A6)).
Surface resistance is a function of leaf area index and stomatal conductance ( (Table A1 , Equation (A9)).
Interception
Interception evaporation was calculated from the Penman combination equation, assuming a surface resistance, which represents the resistance to the single source point of the whole canopy (Table A1 , Equation (A10)). The potential interception evaporation rate will be decreased if the water on the leaves does not cover the entire leaf (Table A1 , Equation (A11)). Actual evaporation from the canopy is limited either by the potential interception evaporation rate or by the interception storage (Table A1 , Equation (A12)). The parameters considered for calibration representing interception are: (i) water capacity per leaf area index, which is defined as interception water storage capacity per LAI unit (Table A1 , Equations (A13) and (A14)); and (ii) maximal cover, which is the surface cover function for different plants. As a consequence, in areas in Plynlimon where the canopy is wet for most of the year, interception loss is expected to be the largest component of the total evaporation. 
MeltCoefGlobRad (Global radiation coefficient in the empirical snow melt function)
OnlySnowPrecTemp. Below this temperature all precipitation is snow Soil water process
An index of 1 or 2 or 3 within brackets means that the parameter represents the characteristics of forest and grassland layers or understorey layers by the respective value of the index.
Surface, soil water and drainage process
Two different soil hydraulic properties, the water retention curve and the unsaturated conductivity function, need to be determined in order to solve the water balance equation.
In both catchments the water retention function was determined by Brooks & Corey () ( Table A1 , Equation (A15)). When the groundwater level was above an assumed drain level (representing equilibrium with zero flow rate), the drainage rate was estimated by a linear response equation (Table A1 , Equation (A16)) also assuming a spacing between virtual drainage pipes that represent an assumed drainage efficiently in a landscape. The unsaturated conductivity was estimated from an assumed saturated value and coefficient in the Brooks and Corey's function (Table A1 , Equation (A17)).
MODEL STRUCTURES
The model approach selected for the purpose of this study is focusing on the hydrological component of the CoupModel 
Model parameterization
Regarding the main concept of the model, the selected parameter values were based on water balance concern and determining the main differences between two watersheds, one forest and the other grassland. The model simulation adopted the RE approach. In this case, soil profile and soil physical properties, forest surface properties, grassland surface properties, forest plant cover, and grassland plant cover were considered in the model. In total, 40 parameters were selected for calibration, some of which are listed in Table 1 . A total of 35,000 simulations were made using the Actual data (1) are making the conventional approach and all single events are counted independent of each others.
Transformation number (2) and (3) are creating a memory which allows compensating by nearby events to smooth out and ignore individual events. The timing will be of smaller importance but the contribution to the seasonality of the between years variability will be emphasized depending on (2) or (3).
The accepted ensembles of 200 behavior simulations were selected by accepting the mean error (ME) criteria.
Finally, the accepted ensemble was reduced to 100 candidates by accepting the best root-mean-square error (RMSE) on the accumulated residuals during the simulation period as calculated from the three transformations of the data results.
RESULTS
In general, the performance of the calibrated runoff in the ME and RMSE evaluation demonstrated good agreement with both dynamic and yearly results, based on the statistics of 100 behavioral model simulations. were low and mean error was close to zero.
The posterior distributions were constrained to relatively low mean value for the entire period for both watersheds. The performance was improved by using accumulation for the entire period and minimizing the mean value of the accumulated residuals. Surprisingly, the value for the Severn was generally larger than for the corresponding value obtained for the Wye watershed ( Table 2 ).
The long-term patterns of the accumulated residuals demonstrated that both systems had the same general pattern ( Figure 6 ). The general pattern is probably due to the model structure error related to the long-term response of the climate system. The general pattern may also be related to various measurement errors.
Parameter values
The model showed clear differences in the posterior distribution for a number of parameters that were constrained by the common applied criteria. The RE approach (Figure 7 ), showed a similar tendency for plant height and leaf area index. It also attributed most of the differences between the two watersheds to evaporation from the soil surface, in turn explaining the less pronounced impact of the canopy properties.
The model showed minor differences between the watersheds with respect to the obtained values of the differences in the parameters for soil and runoff. However, the The criteria started with ME and then RMSE controller limited the range to 100 for all.
surface runoff coefficient and the drain spacing values also showed differences between the two watersheds ( Figure 7 ).
Model performance for specific periods
The simulated ensemble results after consideration of the ME and RMSE criteria indicated in Figure 8 The results for other years showed a similar degree of performance.
Long-term behavior of the models
In line with the first evaluation, the correlation between the variables for the 100 behavioral models is calculated for the Regarding RMSE and ME criteria, the long-term accumulated residual based on actual values was considered and is indicated in Figure 6 for both catchments. Table 3 lists the parameters for the GLUE calibration regarding the accumulated value criteria.
The patterns in the first 10 years (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (grassland) watersheds, and the parameters which showed a tendency to be constrained by the data by accumulated values and criteria (RMSE and mean value).
Canopy height, conduct max, leaf area index, surface runoff, drainage spacing are the parameters which were sensitive to criteria in RE approach: left, Severn; right, Wye. 
